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(57) ABSTRACT

The mvention relates to a heating device having a heating
arrangement 1n a housing through which a fluid medium can
flow 1n a longitudinal direction, wherein the at least one
heating arrangement comprises at least two grid elements as
heat exchanger plates with openings through which the
medium tlows, the grid planes of which are embodied for the
exchange of heat energy between the plate and the tluid
medium, at least one heating element, 1n particular a PTC
clement, arranged between the grid elements, wherein the at
least one heating arrangement 1s arranged in the housing 1n
such a way that the grid planes of the grid elements are
arranged substantially perpendicularly to the longitudinal
direction, so that the flow of medium 1s oriented substantially
perpendicularly to the grid planes, wherein the grid elements
and the at least one heating element are arranged braced
relative to one another by means of at least one tensioning
clement so that they touch, and wherein the grid elements
cach have at least one contact region and are arranged 1n such
a way that they absorb the heat energy from the at least one
heating element substantially via the contact region.
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The heating device can be manufactured 1n simplified pro- 17 Claims, 5 Drawing Sheets
duction and at low costs, environmental aspects also being
taken 1nto account during operation of the heating device.
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1
HEATING DEVICE AND HEAT EXCHANGER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Section 371 of International Applica-
tion No. PCT/EP2008/008°786, filed Oct. 16, 2008, which was
published 1n the English language on Apr. 30, 2009, under

International Publication No. WO 2009/052944 A2 and the
disclosure of which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

Heating appliances of this type have a wide range of uses,
1.¢. Tor example 1 switch cabinets in order to maintain the
clectronics contained therein at operating temperature even
when the external temperature 1s low or to avoid correspond-
ing formation of condensate. They are produced at different
thermal outputs in large quantities. The commercially
accepted price 1s relatively low; in addition, many known
appliances have high power consumption. There 1s increasing
demand for environmentally acceptable products.

Known appliances are expensive and complex to manufac-
ture. In particular, the operating costs are usually high on
account ol the high power consumption. Environmentally
polluting materials are also often used for appliances of this

type.
BRIEF SUMMARY OF THE INVENTION

The mmvention 1s based on the object of manufacturing
heating devices of the type mentioned at the outset in simpli-
fied production and at low costs, wherein environmental
aspects are also to be taken 1nto account during operation of
the heating devices.

This object 1s achieved by a heating means according to
patent claim 1.

In particular, the object 1s achieved by a heating device
comprising

at least one heating arrangement,

power supply means for supplying power to the heating

arrangement,

a housing, through which 1n a longitudinal direction a fluid

medium can flow, for recerving the heating arrangement,
wherein the at least one heating arrangement comprises
at least two grid elements as heat exchanger plates with
openings through which the medium flows,

the grid planes of which are embodied for the exchange of

heat energy between the plate and the fluid medium,

at least one heating element, 1n particular a PTC element,

arranged between the grid elements,

wherein the at least one heating arrangement 1s arranged 1n
the housing in such a way that the gnid planes of the grid
clements are arranged substantially perpendicularly to the
longitudinal direction, so that the flow of medium 1s oriented
substantially perpendicularly to the grid planes,

wherein the grid elements and the at least one heating
clement are arranged braced relative to one another by means
of at least one tensioming element so that they touch,

and wherein the grid elements each have at least one con-
tact region and are arranged 1n such a way that they absorb the
heat energy from the at least one heating element substan-
tially via the contact region.

A key point of the mvention consists 1n the fact the heat
exchanger plate used is a grid element allowing, on account of
its openings, a high degree of swirling of the medium, for
example air, to be achieved as it tflows through, whereas the
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flowing medium can calm down again between the grid ele-
ments. This allows the heat output from the heating device to
be greatly increased and in this way higher efficiency to be
achieved. At the same time, the heating elements are cooled
by the exchange of heat and are thus ready for use at all times.
In addition, power adjustment 1s possible by varying the
openings, 1.€. using various perforated grids or grid elements
(s1ze, shape of the openings). It 1s possible to provide open-
ings of any desired shape, for example diamond-shaped, oval
or round openings.

The at least one tensioning element allows grid elements
and heating element(s) to be joined together easily and with-
out additional connecting measures, thus providing an opti-
mum transier of heat from the heating element to the gnid
clements. It 1s thus possible to dispense with electrically
conductive adhesive connections, for example. The bracing
allows the use of higher temperatures than would be possible
in the case of adhesive connections. To this extent, the grnid
clements with the at least one heating element arranged ther-
cbetween are a heating arrangement which can be manufac-
tured 1n a simple manner using few materials and operates
cificiently.

On account of the openings 1n the grid element, the surface
area of the heat exchanger plate 1s increased and 1n addition
the medium 1s swirled as it flows through, thus allowing an
improved output of heat energy to be achieved. After swirling,
the medium 1s stress-relieved and flows 1n a more laminar
fashion toward the next grid element. Swirling and stress
reliefl zones increase the efficiency of the heating device.

The term “longitudinal direction” refers 1n this case to the
direction of the construction of the heating device. The gnd
clements are arranged one after another in the housing 1n such
a way that the medium can flow successively through them.
That 1s to say, the housing can be tlowed through 1n its lon-
gitudinal direction. The longitudinal direction may also be
referred to as the z direction.

Preferably, a fan 1s arranged in the housing for generating,
the flow of medium. This ensures that enough of the heat
energy generated by the heating element or the heating ele-
ments 1s released to the environment.

Preferably, the grid elements are made of electrically con-
ductive material and the power supply means are embodied
and arranged on the grid elements 1n such a way that the at
least one heating element 1s powered via the grid elements. As
both heat flows and electric currents flow 1n the arrangement
according to the invention, the arrangement 1s constructed 1n
such a way that this 1s enabled 1n a simple manner without
having to provide insulation regions between the heating
clements and grid elements (which would impede the heat
output or the transfer of heat from the heating element to the
orid element). Thus, the path of the current leads to the heat-
ing elements via the grid elements; an optimum exchange of
heat energy 1s possible at the same time.

In a preterred embodiment, at least two heating arrange-
ments are provided, the heating arrangements being sand-
wiched on one another in such a way that the medium suc-
cessively flows through them. In this case, the heating
clements and the at least one tensioning element are arranged
in such a way that the heating elements and contact regions
are positioned one above another and are braced relative to
one another beyond all of the heating arrangements. The grid
clements, 1n particular the contact regions, must have as tlat a
bearing face as possible for the heating elements, for example
PTC elements, 1n order to achieve the best possible transtier of
heat between the heating elements and the grid elements. This
1s a factor 1n obtaining as much power as possible from the
heating device.
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PTC elements are, as previously noted, suitable as heating
clements. However, other heating elements can also be pro-
vided for this purpose.

That 1s to say, as the heating arrangements are arranged 1n
the housing one above another 1n the longitudinal direction,
1.¢. 1 the direction of flow, the contact regions are also posi-
tioned one above another, the heating elements being pro-
vided 1n each case between the contact regions within a heat-
ing arrangement. In the arrangement, care must be taken to
ensure that the power supply means are arranged and embod-
ied 1n such a way that the heating elements, 1n particular the
PTC elements, are connected 1n parallel, as only in this way 1s
frictionless operation of the heating means ensured.

PTC (positive temperature coelficient) elements conduct
the current very effectively at low temperatures, whereas as
the temperature rises, their electrical resistance also
increases. Therefore, PIC elements are self-limiting, as they
switch ofl at a specific temperature. This prevents overheat-
ng.

In one embodiment, at least one spacer, which 1s preferably
embodied 1n such a way that all the grid elements have sub-
stantially the same spacing from one another, 1s provided
between the heating arrangements. The grid elements within
a heating arrangement are advantageously set apart from one
another by the at least one heating element. Now, the spacer 1s
preferably embodied 1n such a way that the mutually facing
orid elements of the successively arranged heating arrange-
ments are also set apart from one another, the spacing pret-
erably corresponding substantially to the spacing of the grnid
clements 1n a heating arrangement. This necessitates provid-
ing the arrangement 1n such a way that a path of the current 1s
guided through the large number of heating arrangements and
in this way the supply of power to the heating elements 1s
ensured.

Moreover, electrical requirements of the VDE (Associa-
tion of German Flectrical Engineers) must 1n any case be
adhered to with regard to the spacings. The spacings must also
be formed 1n such a way that zones for calming the flowing
medium, as mentioned at the outset, can indeed be formed.
The spacing 1s also defined by the spring which performs the
pretensioning, the electrical contact and the corresponding
thermal decoupling from the adjacent PTC arranged 1n series.

One solution according to the invention provides for con-
tact regions to be provided at mutually opposing edges of the
orid elements. This allows the contact regions to be arranged
for example at two opposing sides. In this way, it 1s possible
to arrange 1n a sandwich-like arrangement even a large num-
ber of heating elements on the contact regions of a gnd
clement so as to form a stable stack of grid elements and
heating elements. Furthermore, 11 appropriate, the spacers are
provided, as described heremnbefore, said spacers also being,
arranged 1n the region of the contact regions and heating
clements 1n such a way that they help to stabilise the stack.

Preferably, a bridge element or retaining bracket 1s pro-
vided and embodied as the tensioning element 1n such a way
that 1t surrounds the at least two heating arrangements and
braces the grid elements and the heating elements relative to
one another. That 1s to say, the bridge element serves to hold
the heating arrangements together, the cohesion between the
orid elements and the at least one heating element being

ensured by the bridge element even within each heating
arrangement. In addition, the bridge element performs—as
will be described hereinafter 1n greater detaill—the task of
conducting the current.
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Even an individual heating arrangement can be surrounded
by the bridge element 1n order to hold the grid elements and
the at least one heating element 1n position and braced relative
to one another.

In a preferred embodiment, the bridge element 1s embodied
with spacer elements 1n such a way that the at least one
heating arrangement 1s {ixable 1n the housing and, set apart
from the fan and/or the housing, mountable therein. The
spacer elements preferably protrude from the bridge region 1n
such a way that they are supported, for example, against
projections in the interior of the housing or are clamped
therebetween and thus hold the heating arrangement(s) in
position in the interior of the housing. At the same time, the
spacer elements can ensure a suitable spacing from other
components 1n the housing, for example from the fan. This
cnables the bridge element to perform in this case the posi-
tioning of the heating arrangement 1n the housing, thus ensur-
ing functionally appropriate operation of the heating device.

Preferably, the at least one spacer, which i1s preferably
arranged between the heating arrangements, 1s embodied 1n a
resilient manner to form an additional tensioning element and
acts, for example, counter to the bridge element. The spacer
1s, as described hereinbetore, arranged for example between
the heating arrangements 1n order to ensure a spacing of the
heating arrangements. A resilient embodiment allows the grid
clements and heating elements all to be braced relative to one
another for improved contacting. In addition, the resilient
spacer allows, 1n the case of a relatively rigid bridge element,
different possibilities for compensating for the broad range of
heating arrangements. Thus, for example, the resilient spac-
ers allow different thicknesses of the grid and/or heating
clements or the number thereof to be compensated for within
a bridge element. It 1s also possible to set the tensioning force,
for example, 1.e. the force with which the components are to
be braced relative to one another. Preferably, the spacers are
integrated between the heating arrangements 1n such a way
that they contact the adjoining grid elements substantially
over the entire contact region 1n order in this way to achieve
uniform bracing (linear contact). The clamping action 1s also
improved by the expansion of the material of the tensioning
clements at elevated temperatures.

Furthermore, with regard to the spring 1n general, 1t must
also be stated that the conveyance of heat to adjacent heating
arrangements arranged 1n series, 1.e. for example to the PTCs,
1s 1impeded by the linear bearing faces. This increases the
performance of the arrangement.

One solution according to the mvention provides for the
bridge element and/or the at least one spacer to be embodied
as power supply means. Operationally appropriate powering
of the heating elements, 1n particular of the PTC elements, can
be provided by means of the integration of these elements into
the path of the current.

A broad range of types of spring may be used as the spacer,
such as for example a simple V-shaped metal sheet, but also
coil or plate springs.

It 1s of course also possible to brace relative to one another
the heating arrangements or the elements thereof by means of
a tensioning element which attaches to the—viewed 1 the
longitudinal direction—top grid element and presses against
the heating arrangements, a non-resilient mating element
then being provided on the bottom grid element. The heating
arrangements must be set apart from one another 1n such a
way as to prevent short-circuiting.

Preferably, the at least one heating element and/or the grid
clements and 1f appropriate the at least one spacer are
mounted in recerving regions of a frame element, the recerv-
ing regions being embodied 1n such a way that the at least one
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heating element and/or the grid elements and 1f appropriate
the at least one spacer are fixed substantially perpendicularly
to the longitudinal direction and arranged so as to be remov-
able 1n the longitudinal direction, the at least one heating
clement and 1f appropriate the at least one spacer resting in the
longitudinal direction against the contact region of the grnid
clements.

That 1s to say, the components mounted 1n the one recetving,
regions (for example the heating element and spacer) are
displaceable only 1n the longitudinal direction (the assumed z
direction) and fixed 1n the x and y directions. This facilitates
the 1nstallation of the heating means and also the positioning,
of the heating elements or spacers 1n the housing.

The region for receiving the grnid elements 1s formed by
fixing projections on the frame element, thus allowing the two
orid elements surrounding the heating element or elements to
be arranged on the frame element 1n a substantially centred
manner. The fixing projections point in the z direction both
downward and upward 1n order to be able to receive both grid
clements.

If, as described heremnbelore, the contact regions are pro-
vided at two mutually opposing sides or edges on a grid
clement, for example, then the recerving regions are arranged
accordingly 1n the frame elements, that 1s to say the receiving
regions are also located at two mutually opposing sides or
edges of the frame elements. Only 1n this way 1s 1t possible to
ensure that the heating elements can contact the contact
regions.

Preferably, the frame element 1s embodied with spacing
clements 1n such a way that the at least one heating arrange-
ment, set apart from the housing, 1s mountable therein. That 1s
to say, the frame element has projections, for example, which
prevent the heating arrangement(s) from approaching the
housing wall. This ensures suificient ventilation and cooling,
of the heating elements (direct cooling) and at the same time
protects the housing from overheating.

Furthermore, the spacing elements serve as an installation
guide 1n order to be able to introduce the installed heating
arrangement into the housing for final installation of the heat-
ing device. This facilitates the manufacturing process.

The frame element 1s preferably embodied in such a way
that the mutually opposing receiving regions are connected to
one another by means of a central strut. The strut helps to
stabilise the frame element, including in particular in the
bracing of the elements relative to one another, and also
serves as an installation and positioning aid. The frame ele-
ment allows the heating element or elements to be held 1n the
desired position.

In one embodiment, the grid element comprises an
expanded metal grid and/or a punched grid. Wall regions,
which surround (if appropriate at least partially) the opening,
in the grid elements, can be oriented at least partially
obliquely to the longitudinal direction (as far as the construc-
tion of the heating device 1s concerned). That 1s to say, the
wall regions can not only be oriented parallel to the longitu-
dinal direction, but are tilted relative thereto. It 1s also possible
for the wall regions to protrude beyond the opening upward
and/or downward in relation to the longitudinal direction (this
will be described hereinafter 1n greater detail). This provides
a higher degree of swirling of the medium as it flows through
the grid element than 1s already provided 1n a perforated grid
anyway. The laminar flow can be “churned up” 1n grids and 1n
particular in expanded grids or structured grids and thus also
the 1nsulating air or medium layers. Swirling ensures that
more cold air 1s conveyed to the heat-emitting faces, thus
ultimately allowing increased performance to be achieved.
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The wall regions can therefore protrude or elevations
which have wall regions, the orientation of which 1s at least
partially oblique in relation to the longitudinal direction, can
extend out of the grid plane. As a matter of principle, specifi-
cally structured grids (for example elevations 1n the longitu-
dinal or z direction, for example corrugated and thus plasti-
cally structured) allow a high degree of swirling, and thus an
increase in the efliciency of the heating device, to be achieved.
Expanded metal grids generally have, 1n particular on account
of the oblique face regions, a larger area per se. This allows
the medium to be heated for longer without increased flow
resistance and at the same time the expanded metal to exert its
cooling function more effectively.

Specifically in the case of punched grids, the grid openings
may for example be shaped in any desired manner. In
expanded metal grids, “distorted” wall regions are often pro-
duced by the manufacturing process, such as may be desirable
in this case.

In principle, the method itself of manufacturing the
expanded metals produces a grid shape which provides to a
high degree swirling zones for the air flow (distortion of the
openings, for example diamond shape). The grid breaks open
laminar air flows and enables 1n this way much more uniform
and more intensive heating of the air flowing through the
orids. The flow calms down again between the grids (calming
zones) until the flow 1s churned up again by the nearest grid.
This allows the heating power of the arrangement to be
increased considerably.

In any case, partial portions (in the grid plane or protruding,
therebeyond) of the grid elements can be directed obliquely to
the surtace of the plate and thus to the direction of tlow, so that
a larger area 1s available for the exchange of heat and swirling
1s promoted.

In the case of grids structured plastically (out of the gnid
plane), particular attention should be paid to the contact
regions. Said contact regions must if appropriate be addition-
ally attached to the structured grid element to ensure a flat
bearing face.

Expanded metal grids can be manufactured economically,
particularly because there 1s no waste. The grid openings are
formed 1n expanded metals by the punching of cuts and the
subsequent deformation of the grid (for example drawing-
apart of the cuts). The matenial-saving method of manufac-
turing the expanded metals makes them particularly suitable
to meet the demand for mexpensive heating devices.
Expanded metal has an, 1f appropriate, corrugated, plastically
structured surface (with oblique regions) which promotes
swirling. In addition, expanded metal grids display high
strength and surface stability.

The gnd structures may be adapted to different powers,
allowing the throughput of air to be increased or reduced. This
influences the abstraction of heat from the heating elements.
It 1s also possible to use PTC elements of differing power.

Advantageously, the grid elements have at least one contact
region without openings. This 1s particularly advantageous in
structured grid elements which, on account of their structur-
ing, do not have a uniformly smooth surface and thus also do
not have a contact region that would allow the heating ele-
ments to rest fully over the entire contact region. In a perfo-
rated grid having a planar surface, heating elements can also
rest on the perforated region. However, 1n this case too, an
explicit contact region (without openings) improves the trans-
fer of heat.

In a preferred embodiment, the heating elements and the
contact regions extend substantially over in each case the
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entire edge of the grid elements. The largest possible bearing
or abutment or contact region 1s thus utilised for an optimum
transfer of heat.

In this way, a large number of heating arrangements may be
provided 1n a heating device, depending on the requirements
and size of the heating device. The particular configuration of
the heating arrangements thus allows all three dimensions of
the heating device to be varied, 1.e. the dimensions of the
heating device can be altered as required.

WO 2006/058687 discloses an arrangement, a fan heater,
in which the subject matter according to the invention as
described 1n the present document can also be applied.

It will be clear from the foregoing that the mvention also
includes a heat exchanger with a heat source or cold source
and at least one heat exchanger plate.

Heat exchangers are used, for example, for the utilisation
of waste gas or waste air heat or very generally for heating or
cooling the air 1n air conditioning systems. For example, the
temperature ol switch cabinets containing sensitive electrical
or electronic components may be adjusted to a suitable degree
using a heat exchanger.

The design of most known heat exchangers makes them
inellicient, so that energy which 1s present cannot be suifi-
ciently utilised. In addition, the commercially accepted price
1s relatively low.

The heat exchanger element 1s a universally usable, stand-
alone unit which can be integrated, with any desired powers
and dimensions, 1into a broad range of appliances and arrange-
ments.

It should also be possible to manufacture heat exchangers
in simplified production and at low costs, wherein high eifi-
ciency 1s to be achieved.

A heat exchanger of this type 1s described 1n claim 18 and
comprises the following:

at least one heat or cold source for generating heat energy,

and also at least one heat exchanger plate,

the surface of which 1s embodied for the exchange of heat
energy between the plate and a surrounding fluid medium,

wherein the heat exchanger plate comprises an expanded
metal grid,

with openings through which the medium flows,

the at least one heat exchanger plate being arranged 1n such
a way that the flow of medium 1s oriented substantially per-
pendicularly to the surface of the heat exchanger plate.

The surface 1s substantially the area forming the grid plane.

A grid element, namely an expanded metal grid, 1s pro-
vided as the heat exchanger plate that allows, on account of its
openings, a high degree of swirling to be achieved of the
medium, for example air, as it flows through. This allows the
heat output or cooling effect of the heat exchanger to be
significantly increased and thus higher efliciency to be
achieved.

In addition, power adjustment 1s possible by varying the
openings, 1.€. the use of various expanded metal grids or grid
clements (size, shape of the openings). It 1s possible to pro-
vide openings of any desired shape, for example diamond-
shaped, oval or round openings.

Expanded metal grids can be manufactured economically,
particularly because there 1s no waste. Expanded metal has
an, 11 appropriate corrugated, plastically structured surface
(with oblique regions) which promotes swirling. In addition,
expanded metal grids display high strength and surface sta-
bility.

The openings 1n the expanded metal grid increase the sur-
face area of the heat exchanger plate and also cause swirling
of the medium as 1t tflows through, so that an improved trans-
ter of heat 1s achievable. After swirling, the medium is stress-
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relieved and flows onward 1n a more laminar fashion, carrying
the corresponding heat energy with it as 1t goes. Swirling and
stress reliel zones 1increase the efficiency of the heat
exchanger.

It should be noted that the term “heat energy™ also includes
the term “cold energy” and the term “transifer of heat”
includes the term “transier of cold”. The term “heat energy”,
as used hereinafter, therefore refers both to the corresponding
heat energy and to cold energy.

Preferably, wall regions, surrounding the openings, of the
at least one expanded metal grid are oriented at least partially
obliquely to the direction of flow. Alternatively or addition-
ally, the openings can also each at least be surrounded by an
clevation which extends from the grid plane in the direction of
flow and 1s oriented at least partially obliquely to the direction
of flow. In any case, partial portions (in the grid plane or
protruding therebeyond) of the heat exchanger plate, which
comprises an expanded metal grid, can be directed obliquely
to the surface of the plate and thus to the direction of flow, so
that a larger area 1s available for the exchange of heat and
swirling 1s promoted.

Expanded metal grids generally have, (stmply on account
of the openings, but) 1n particular on account of the oblique
face regions, a greater area per se. This allows the medium to
be heated or cooled for longer without increased tlow resis-
tance on account of the larger contact area. In addition, spe-
cifically with expanded grids or structured grids (grids having
at least partially a non-planar, for example corrugated, sur-
face) having oblique regions, the laminar flow, and thus also
the msulating air or medium layers, can be “churned up”.
Swirling ensures that even more substantially unheated or
uncooled medium can be conveyed to the heat exchanger
plate and thus ultimately an increased performance of the heat
exchanger can be achieved. After the churning-up of the
laminar flow, the heated or cooled air can then be stress-
relieved again and conveyed onward uniformly.

In the case of a heat exchanger having a heat source, said
heat exchanger and said heat source are preferably embodied
as PTC elements. PTC (positive temperature coetlicient) ele-
ments conduct the current very effectively at low tempera-
tures, whereas as the temperature rises, their electrical resis-
tance also increases. Therefore, PTC elements are seli-
limiting, as they switch ofl at a specific temperature. This
prevents overheating.

Preferably, the at least one heat exchanger plate has at least
one contact region and 1s arranged in such a way that 1t
absorbs the heat energy from the heat source or cold source
substantially via the contact region. As the at least one heat
source or cold source 1s mtended to contact the expanded
metal grid over the largest possible area for a good transter of
heat, the contact regions should be embodied 1n as planar a
manner as possible. In the case of expanded metal grids, in
particular having the above-described elevations, it 1s pos-
sible to provide for this purpose a separate, 1n particular
non-perforated, region allowing contacting with the heat
source or cold source. The plate and heat source or cold
source are thus sandwiched on one another.

One embodiment provides at least two heat exchanger
plates arranged 1n such a way that the medium successively
flows through them, the at least one heat source or cold source
being arranged between the two heat exchanger plates. This
enables the heat source or cold source (or else the plurality of
clements) to emit the heat energy both to the top grid and to
the bottom grid in order in this way to increase the perfor-
mance of the heat exchanger. The two plates then form with
the at least one heat source or cold source arranged therebe-
tween a heat transfer arrangement.
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Preferably, at least one tensioning element 1s embodied and
arranged 1n such a way that the heat exchanger plate or plates
and the at least one heat source or cold source are arranged
braced relative to one another so that they touch. In this way,
it 1s for example possible to provide a bridge element which
surrounds the at least one heat exchanger plate and the at least
one heat source or cold source and 1n this way ensures cohe-
s1on and good contacting between the plate and heat source or
cold source.

The at least one tensioning element allows grid elements
and heat source(s) to be joined together easily and without
additional connecting measures, thus providing an optimum
transier of heat from the heat source or cold source to the grid
clements. It 1s thus possible to dispense with adhesive con-
nections, for example. The bracing allows the use of higher
temperatures than would be possible 1n the case of adhesive
connections.

In order to increase the performance of the heat exchanger,
two heat transier arrangements can be sandwiched on one
another, so that the medium flows through the two arrange-
ments one aiter the other. In order to provide appropnate
swirling and stress reliel zones, the arrangements can be
arranged set apart from one another, the flow of medium
striking the grid planes substantially perpendicularly. The
tensioning element (for example a bridge element) can then
surround both arrangements. The spacing between the two
heat transier arrangements can be provided by at least one
spacer which 1s preferably embodied as a further tensioning
clement, for example a V-shaped metal sheet, and counteracts
the bridge element. This provides a uniform bracing of the
heat sources or cold sources with the heat exchanger plates,
thus ensuring an optimum transier of heat.

In order to ensure the most uniform possible transfer of
heat from the heat source or cold source to the expanded metal
orid, two contact regions are preferably provided that are
arranged at two mutually opposing edges of the heat
exchanger plate(s). Accordingly, a large number of heat
sources or cold sources can be arranged to form a stable stack
of heat exchanger plates and heat sources or cold sources, the
sources and the contact regions being positioned one above
another. The formation of stable stacks 1s relevant above all 1n
heat transier arrangements 1n which a heat or cold source 1s
arranged between two grids. It 1s therefore then possible to
arrange at least two heat sources or cold sources on the
expanded metal grid (or else on a). This also allows the
elficiency of the heat exchanger to be increased.

In a preferred embodiment, the at least one heat source or
cold source and/or the at least one expanded metal grnid are
mounted in recerving regions of a frame element, the recerv-
ing regions being embodied 1n such a way that the at least one
heat source or cold source and/or the expanded metal grid are
fixed substantially perpendicularly to the direction of flow
and arranged so as to be removable 1n the direction of flow and
the at least one heat source or cold source resting in the
direction of flow against the contact region of the at least one
expanded metal grid.

That 1s to say, the components mounted in the receiving
regions are displaceable only in the direction of flow (the
assumed z direction) and fixed 1n the x and y directions. This
facilitates the installation of the heat exchanger and also the
positioning of the heat source or cold source and the plates.

The region for receiving the expanded metal grid or grids,
1.e. for receiving the heat exchanger plates, 1s formed by
fixing projections on the frame element, thus allowing the
expanded metal grid or grids (which surround the heat source
or cold source or sources) to be arranged on the frame element
in a substantially centred manner. The fixing projections point
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in the z direction both downward and upward 1n order to be
able to recerve two grid elements.

If, as described hereinbetore, the contact regions are pro-
vided at two mutually opposing sides or edges on a gnd
clement, for example, then the recerving regions are arranged
accordingly 1n the frame elements, that 1s to say the receiving
regions are also located at two mutually opposing sides or
edges of the frame elements. Only 1n this way 1s 1t possible to
ensure that the heat sources or cold sources can optimally
contact the contact regions.

Preferably, power supply means are embodied and pro-
vided 1n such a way that the at least one heat source (if
appropriate also a cold source) can be supplied with power via
the at least two heat exchanger plates.

In particular, the PTC elements may easily be supplied with
power in this way. For this purpose, arespective connection of
the power supply means to a respective expanded metal grid
1s attached 1n such a way that the PTC elements are connected
in parallel (only 1n this way 1s functionally appropriate opera-
tion thereol ensured). If two heat transier arrangements are
provided, then the tensioning elements (the bridge element
and spacer) can be embodied 1n an electrically conductive
manner and form a part of the power supply means. The
bracing of the elements relative to one another not only
ensures an optimum transier of heat, but also defines a path of
the current.

It 1s of course also possible to supply the heat sources and
il appropriate also the cold sources with power directly. Alter-
natively, the elements, for example the cooling sources, are
provided as cooling hoses and are cooled outside the heat
transier arrangement, for example 1n an air conditioning sys-
tem.

Peltier elements may for example also be used as heating or
cooling elements.

All types of heat or cold-supplying elements can be used
with the expanded metal grids as heat exchanger plates. Thus,
for example, heating or cooling hoses can also interact with
the plates. In any case, a medium to be heated or cooled may
be conveyed 1n any manner to the heat exchanger plates.

The heat exchangers according to the invention allow heat
energy to be transierred 1n an efficient manner, the heat trans-
fer arrangement being made of environmentally friendly
materials.

Further embodiments of the mvention emerge from the
sub-claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of the invention, will be better understood when
read in conjunction with the appended drawings. For the
purpose of illustrating the mvention, there are shown in the
drawings embodiments which are presently preferred. It
should be understood, however, that the invention 1s not lim-
ited to the precise arrangements and instrumentalities shown.

In the drawings:

FIG. 1 shows an embodiment of the heating device accord-
ing to the invention, a perspective view with a cut-open hous-
ing being shown;

FIG. 2 1s an exploded view of the heating arrangement
according to the invention, such as 1s provided in the embodi-
ment as shown 1n FIG. 1;

FIG. 3 shows the heating arrangement according to FIG. 2
as a fully installed component;

FIG. 4 1s an equivalent circuit diagram showing a flow
sheet for two sandwiched heating arrangements;
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FIG. 5 1s a perspective view from below of the embodiment
according to FIG. 1;

FIG. 6 1s a perspective view from behind of the embodi-
ment according to FIG. 1;

FIG. 7 shows by way of example a grid element with

contact regions;
FIG. 8 shows a further configuration of a bridge element.

DETAILED DESCRIPTION OF THE INVENTION

The same reference numerals will be used hereinafter for
like and equivalent parts.

It should be noted that a large number of heating arrange-
ments, grid elements, frame elements, bridge elements and
spacers are each provided with their own reference numeral.
The other elements, such as for example the openings in the
orid elements, contact regions, edges, heating eclements,
receiving regions, etc. are each denoted only for one plane
(1.e. for a grid element or a frame element), so that the figures
should not become cluttered. The details designated for a
heating arrangement or for a grid element or a frame element
may also be found 1n the second heating arrangement or 1n the
turther grid or frame elements.

FIG. 1 1s a perspective view ol an embodiment of the
heating device 10 according to the invention. A sectional view
1s shown in this case. The heating device 10 comprises a
housing 20 receiving substantially heating arrangements 30,
31 and a fan 100 to generate a flow of medium. The fluid
medium can flow through the housing 20 in a longitudinal
direction L. For this reason, said housing has both at an upper
side and at an underside a protective grid 22, 23 through
which the flow of medium can be passed and which at the
same time prevent intervention 1nto the interior of the hous-
ing. The fan 100 draws 1n ambient air via the underside of the
housing 20 and through the protective grid 23 at the underside
(which may be seen more clearly in FIG. 5), for example, and
conveys said ambient air into the environment through the
heating arrangements 30, 31 and the protective grid 22 at the
upper side of the housing 20.

The heating arrangements 30, 31 for generating the
required heat energy are arranged in the longitudinal direc-
tion L above the 1an 100, 1.e. 1n the direction of the upper side
of the housing. The heating arrangements 30, 31 will be
described 1n greater detail with reference to FIGS. 2 and 3. As
may be seen from the exploded view according to FIG. 2 and
as 1s also shown 1n FIG. 1, two coupled-together heating
arrangements 30, 31 are provided here. The heating arrange-
ments 30, 31 are sandwiched on one another in such a way
that the medium successively flows through them.

A heating arrangement 30 or 31 comprises at least two grid
clements 40, 41 or 42, 43 provided as heat exchanger plates.
The grid elements 40, 41 or 42, 43 have openings 44 through
which the medium can flow 1n order, for example, to release
(in heated form) the air drawn 1n by the fan 100 back into the
environment through the housing 20. For the exchange of heat
energy between the plate and the fluid medium, the gnd
clements 40, 41 or 42, 43 or the grid planes 46 are embodied
and arranged 1n the housing in such a way (see also FIG. 1)
that the grid planes 46 of the grid elements 40, 41 or 42, 43 are
arranged substantially perpendicularly to the longitudinal
direction L, so that the flow of medium is oriented substan-
tially perpendicularly to the grid planes 46.

Heating elements 50a, 5056, 50¢, 504, which can emit the
generated heat to the grid elements 40, 41, 42, 43, are
arranged 1n each case between the two grid elements 40, 41 or
42, 43. The heating elements 50a, 505, 50c, 504 are 1n this

case preferably PTC elements. As may be seen from FIG. 2,
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the PTC elements are mounted 1n a quadrilateral frame ele-
ment 60 or 62 1n such a way that they can touch with their
surfaces the grid elements 1n the longitudinal direction L and
are fixed 1n all other directions, substantially perpendicularly
to this longitudinal direction L. In order to secure the heating
elements 50a, 5056, 50c¢, 50d, the frame elements 60, 62 have
receiving regions 63a, 635 which are connected to one
another by a central strut 65. The receiving regions 63a, 635
are arranged at mutually opposing edges 67a, 675 of arespec-
tive frame element 60, 62, so that each frame element can
receive at least two heating elements. In this case, standard
PTC elements are used, so that in a receiving region two
respective PTC elements 50q, 505 and 50¢, 504, and thus a
total of four elements 50a, 505, 50¢, 504, are accommodated
in each frame element 60, 62.

In this embodiment, the grid elements 40, 41, 42, 43 have
non-perforated regions, namely contact regions 45a, 435b, via
which the heating elements 50a, 5056 and 350¢, 50d respec-
tively rest against the grid elements 40,41, 42, 43. The contact
regions 45a, 45b oppose one another—in accordance with the
receiving regions 63a, 635 of the frame elements 60, 62—at
two edges 47a, 47b of the grid elements, so that the heating
clements can contact the contact regions. Thus, the heat
energy from the heating elements 50a, 306 and 50c¢, 504
respectively 1s transterred to the grid elements 40, 41, 42, 43
substantially via the contact region 45a, 45b, the heating
clements being at the same time cooled via the grid elements.

In the exemplary embodiment shown 1n this figure, the grid
clements 40, 41, 42, 43 are embodied as a simple perforated
orid, such as 1s shown by FIG. 7. In grids having a flat surface,
as 1n the example shown, the contact regions 43a, 456 could
also be embodied 1n a perforated manner, as the heating
clements 50a, 505, 50c, 504 always rest flat on the grid
clement. With the use of structured grids, 1.e. grid elements
having elevations 1n the longitudinal direction, for example,
non-perforated, flat contact regions are expedient in order to
ensure uniform abutment of the heating elements. The eleva-
tions around the openings are for example provided in
expanded metal grids, wherein the structuring can be gener-
ated using the process of manufacturing the grid, for example.
In punched grids, the openings can also be surrounded by
deformed maternal (induced by the process of producing the
openings), the material then protruding from the grid plane 1n
the longitudinal or z direction L. In expanded grids, any
clevations can easily be produced. These elevations increase
the degree of swirling of the medium as i1t tlows through, thus
allowing the efliciency of the heating device to be increased.
Particularly good swirling can be achieved when the eleva-
tions have wall regions which are directed at least partially
obliquely 1n relation to the longitudinal direction of the
arrangement. The openings themselves can also be sur-
rounded (in the grid plane) by wall regions, the orientation of
which 1s at least partially oblique.

The openings 44, 1n particular with oblique wall regions 1n
the grid plane 46 and/or at elevations which are embodied
around the openings 44 and protrude from the grid plane 46
and the adjoining, barner-free space (1f approprate up to the
next grid element) allow the construction of swirling and
stress relief zones for the flow of medium that greatly increase
the efficiency of the heating device. That 1s to say, after
swirling, the flow of medium calms down and can then be
conveyed onward 1n a substantially laminar fashion with
altered heat energy.

The frame elements 60, 62 have at the sides or edges on
which no heating elements are arranged fixing projections 64
which define a further recerving region 63¢ for the grid ele-
ments 40, 41, 42, 43 too. The fixing projections 64 extend in
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the longitudinal direction L both downward and upward, thus
allowing both grid elements to be fixed to the frame element.

Furthermore, the frame element 60, 62 has—in this case 1in
the four corner regions—spacing elements 66a, 66¢, 664 (a
fourth spacing element 1s not visible here), so that the heating
arrangements 30, 31, set apart from the housing 20, are
mountable therein. The spacing elements 66a, 66¢, 66d fur-
ther serve as installation aids 1n order to be able to insert the
heating arrangements 30, 31 1nto the housing more easily.

As may also be seen from FIG. 2, a further frame element
61 i1s arranged between the two heating arrangements 30, 31.
On the one hand, this frame element 61 fixes the two adjoin-
ing grid elements 41, 42 of the two heating arrangements 30,
31 via the fixing projections 64; on the other hand, spacers 80,
81 are secured via the two regions 63a, 635 for recerving the
heating elements. That 1s to say, spacers 80, 81 are in this case
provided instead of the heating elements, so that the two
heating arrangements 30, 31 are arranged set apart from one
another.

Two bridge elements 70, 71 enclose the two heating
arrangements 30, 31—as may be seen 1n particular from FIG.
3—at 1n each case mutually opposing sides on which the
contact regions 45a, 456 are also provided, with a type of
gripper arms. The bridge elements 70, 71 are embodied as
tensioning elements 1 such a way that they surround the at
least two heating arrangements 30, 31 and brace the gnd
clements 40, 41, 42, 43 and the heating elements 50a, 505,
50¢, 50d relative to one another (press them together) in each
of the frame elements 60, 62.

(In this case four) spacer elements 72 extend out of the
bridge region, so that the heating arrangements 30, 31 are
fixable 1n the housing 20 and, set apart from the fan 100 and
il appropriate also from the housing 20, mountable therein.
For this purpose, projections 21, against which the spacer
clements 72 are supported or are clamped therebetween and
thus hold the heating arrangement(s) 30, 31 in position in the
interior of the housing 20, are provided 1n the housing 20. At
the same time, the spacer elements 72 can ensure a suitable
spacing from other components in the housing 20, for
example from the fan 100. This enables the bridge element
70, 71 to perform 1n this case the positioning of the heating
arrangements 30, 31 1n the housing 20, thus ensuring a func-
tionally appropnate operation of the heating device 10.

Another configuration of a bridge element, such as can also
be used, 1s shown 1n FIG. 8. This element 70' fulfils the same
function as that described above, although 1n this case the
gripping arms are embodied 1n a curved manner. The curva-
ture 1s configured in such a way that an insertion bevel 1s
provided and the bridge element enters 1nto engagement with
the heating arrangements more easily. This facilitates the
manufacturing process, in particular in automated operation.

The spacers 80, 81 arranged between the two heating
arrangements 30, 31 are in this case embodied as further
tensioning elements which counteract the bridge elements 70,
71. Grid elements 40, 41, 42, 43 and heating elements 50a,
506, 50¢, 504 are braced relative to one another by means of
the tensioming elements (bridge elements, spacers) so that
they touch 1n order 1n this way to ensure an optimum transier
of heat from the heating elements to the grid element and to
substantially avoid play between the components.

The 1nteraction of bridge element(s) 70, 71 and spacer(s)
80, 81 allows an optimum bracing of heating and grid ele-
ments relative to one another, the tensioning force being
adjustable. Various types of spring can, for example, be used
for this purpose. The exemplary embodiment shown here
provides, for example, trough-like V-shaped metal sheets 80,
81, which press against the respective contact regions via the
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heating elements over the entire length thereof (linear con-
tact). The bracing allows the use of higher temperatures than
would be possible with an adhesive connection.

In order now to supply the heating elements 50a, 305, 50c,
50d 1n each of the frame elements 60, 62 with power, power
supply means 90, 91 are provided that comprise, according to
FIGS. 2 and 3, connections connected to two of the grid
clements 40, 42. The bracing of the elements relative to one
another not only ensures an optimum transier of heat, but also
defines a path of the current. For this purpose, the spacers 80,
81 (V-shaped metal sheets) and the bridge elements 70, 71 are
made of electrically conductive material. In order to allow
functionally appropriate operation, PTC elements 50a, 505,
50c, 50d of all the heating arrangements 30, 31 must be
connected 1n parallel. In the embodiment shown here with
two heating arrangements 30, 31, a respective power supply
means (terminal) 1s arranged on the first and penultimate grid,
as counted from the top down 1n the longitudinal direction.
The path of the current therefore leads, on the one hand, from
the top grid element 40 to the spacers 80, 81 via the upper PTC
clements and the grid element 41 and, on the other hand, to the
bottom grid element 43, to the lower PTC elements and then
to the grid element 42 or to the spacers 80, 81 via the bridge
clements. This may be seen from FIG. 4, 1n particular. The
terminals of the power supply means 90, 91 are for example
welded onto (for example using a spot welding apparatus),
soldered onto or fastened to the grid elements by means of a
crimping method or a riveting method.

FIG. 415 an equivalent circuit diagram corresponding to the
embodiment as shown 1n FIGS. 2 and 3. The PTC elements
are indicated as resistors connected 1n parallel (only reference
numeral 50q 1s indicated here for one of the heating elements
in a frame element). A power supply means (terminal) 90 1s
arranged on the first grid element and a further power supply
means (terminal) 91 1s arranged on the third and thus penul-
timate grid element 40, 42, as counted from the top down 1n
the longitudinal direction. The bridge element 71 surrounds
the circuit. The spacer 80 or 81 1s indicated between the two
heating arrangements 30, 31. The circuit is 1llustrated 1n s1m-
plified form. Thus, for example, there are indicated only one
connecting line as the spacer and also only one bridge ele-
ment.

The heating device could be implemented even using just
one heating arrangement. Thus, power would be supplied via
one grid element and removed again via the other. Bridge
clements could, again, be provided as the tensioning element
for holding the grid and heating elements together, although
the bridge elements would then have to be made of electri-
cally mnsulating material.

FIG. 5 1s a further perspective view of the embodiment
according to FIG. 1, showing the lower protective grid 23.
This figure also shows the housing 20 cut open, revealing the
two heating arrangements 30, 31 and the fan 100.

FIG. 6 1s a further perspective view of the embodiment
according to FIG. 1. The housing 20 1s in this case shown from
behind. The heating device 10 may be fastened to a rail
located 1n a switch cabinet, for example, viahook elements 24
fastened to the housing 20. A clip fastening 1s also possible.
The housing 20 1s embodied 1n such a way that the heating
device 10 can also be fastened from the side.

FIG. 7 shows a perforated grid having explicit contact
regions 43a, 45b atthe edges 47a, 475 of the grid element (Tor
example 40). The heating elements rest against these contact
regions, thus ensuring a good transter ol heat from the heating
clement to the grid or grids.
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As a matter of principle, cooling elements can also be used
instead of the heating elements, so that a cooling means 1s
provided here.

It should be noted that the heating device (or else the heat
exchanger) 1s embodied in such a way that the medium (1.e.
for example air) flows substantially in the longitudinal direc-
tion through the housing, 1.e. through the heating device. Of
course, this wording 1s not intended to rule out the possibility
that the flow of medium can be swirled (as described above).
Swirling can and should cause the flow of medium to run at
least partially and temporarily also 1n directions which do not
run parallel to the longitudinal direction.

A heat exchanger, as has been described above, could for
example be embodied as shown 1n FIGS. 2 and 3.

The heating device according to the invention having the
heating arrangement described in the present document
allows a space provided for this purpose to be heated 1n a
simple manner, as 1n this case a high power density 1s possible
as aresult of controlled heating. The heating device 1s made of
environmentally friendly materials and can be operated at low
operating costs.

It will be appreciated by those skilled in the art that changes
could be made to the embodiments described above without
departing from the broad inventive concept thereof. It i1s
understood, therefore, that this invention 1s not limited to the
particular embodiments disclosed, but it 1s intended to cover
modifications within the spirit and scope of the present inven-
tion as defined by the appended claims.

We claim:

1. Heating device, comprising

at least one heating arrangement (30, 31),

power supply means (90, 91) for supplying power to the
heating arrangement (30, 31),

a housing (20), through which in a longitudinal direction
(L) a fluid medium can flow, for receiving the heating
arrangement (30, 31),

wherein the at least one heating arrangement comprises

at least two grnid elements (40, 41 or 42, 43) as heat
exchanger plates with openings (44) through which the
medium flows,

the grid planes (46) of which are embodied for the
exchange of heat energy between the plate and the tluid
medium,

at least one heating element (50, 51, 52, 53) arranged
between the grid elements (40, 41 or 42, 43),

wherein the at least one heating arrangement (30, 31) 1s
arranged 1n the housing (20) 1n such a way that the grnid
planes (46) of the grid elements (40, 41, 42, 43) are
arranged substantially perpendicularly to the longitudi-
nal direction (L), so that the flow of medium 1s oriented
substantially perpendicularly to the grid planes (46),

wherein the grid elements (40, 41, 42, 43) and the at least
one heating element (50, 51, 52, 53) are arranged braced
relative to one another by means of at least one tension-
ing element (70, 71, 70", 80, 81) so that they touch,

and wherein the grid elements (40, 41, 42, 43) each have at
least one contact region (45a, 455) and are arranged 1n
such a way that they absorb the heat energy from the at
least one heating element (50, 51, 52, 53) substantially
via the contact region (454, 45b),

at least two heating arrangements (30, 31) are provided,

wherein the heating arrangements are sandwiched on one
another 1n such a way

that the medium successively tlows through them,

wherein the heating elements (50, 51, 52, 53) and the at
least one tensioning element (70, 71, 70', 80, 81) are
arranged 1n such a way
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that the heating elements (50, 51, 52, 53) and contact
regions (45a, 45b) are positioned one above another and
are braced relative to one another beyond all of the
heating arrangements (30, 31),

and wherein the power supply means (90, 91) are arranged

and embodied 1n such a way

that the heating elements (50, 51, 52, 53) are connected 1n

parallel.

2. Heating device according to claim 1, wherein a fan (100)
1s arranged in the housing (20) for generating the tlow of
medium.

3. Heating device according to claim 1, wherein the gnd
clements (40, 41, 42, 43) are made of electrically conductive
material

and the power supply means (90, 91) are embodied and

arranged on the grid elements 1n such a way that the at
least one heating element (50, 51, 52, 33) 1s powered via
the grid elements (40, 41, 42, 43).
4. Heating device according to claim 1, further including at
least one spacer (80, 81), which 1s preferably embodied 1n
such a way that all the grid elements (40, 41, 42, 43) have
substantially the same spacing {from one another, 1s provided
between the heating arrangements (30, 31).
5. Heating device according to claim 4, wherein at mutu-
ally opposing edges (47a, 47b) of the grid elements (40, 41,
42, 43) contact regions (45a, 45b) are provided and accord-
ingly a large number of heating elements (50, 51,52, 53) and
iI appropriate spacers (80, 81) are provided to form a stable
stack of grid elements, heating elements and 1 appropnate
spacers.
6. Heating device according to claim 1, further including a
bridge element (70, 71, 70') embodied as a tensioning element
in such a way that 1t surrounds the at least two heating
arrangements (30, 31) and the grid elements (40, 41, 42, 43)
and braces the heating elements (50, 51, 52, 533 ) relative to one
another.
7. Heating device according to claim 6, wherein the bridge
clement (70,71, 70') 1s embodied with spacer elements (72) 1n
such a way that the at least one heating arrangement (30, 31)
1s fixable 1n the housing (20) and, set apart from the fan (100)
and/or the housing (20), mountable therein.
8. Heating device according to claim 4, wherein the at least
one spacer (80, 81) 1s embodied 1n a resilient manner to form
an additional tensioning element.
9. Heating device according to claim 4, wherein the bridge
clement (70,71, 70") and/or the at least one spacer (80, 81) are
embodied as power supply means.
10. Heating device according to claim 4, wherein the at
least one heating element (350, 51, 52, 33) and/or the gnd
clements (40, 41, 42, 43) and 11 appropnate the at least one
spacer (80, 81) are mounted 1n recerving regions (63a, 630,
63c) of a frame element (60, 61, 62),
the recerving regions (63a, 635, 63¢) being embodied 1n
such a way that the at least one heating element and/or
the grid elements and 1 appropriate the at least one
spacer are fixed substantially perpendicularly to the lon-
gitudinal direction (L) and arranged so as to be remov-
able 1n the longitudinal direction (L),

the at least one heating element and i appropriate the at
least one spacer resting 1n the longitudinal direction (L)
against the contactregion (43a, 45b) of the grid elements
(40, 41, 42, 43).

11. Heating device according to claim 10, wherein the
frame element (60, 61, 62) 1s embodied with spacing ele-
ments (66a, 66c, 664) in such a way that the at least one
heating arrangement (30, 31), set apart from the housing (20),
1s mountable therein.
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12. Heating device according to claim 1, wherein the grnid
clement (40, 41, 42, 43) comprises an expanded metal grnid
and/or a punched gnid.

13. Heating device according to claim 1, wherein the open-
ings (44) 1n the wall regions surrounding or at least partially
surrounding grid elements are oriented at least partially
obliquely to the longitudinal direction (L).

14. Heating device according to claim 1, wherein partial
portions of the grid elements are directed obliquely to the
surface of the plate and thus to the direction of tflow.

15. Heating device according to claim 1, wherein the grnid
clements (40, 41,42, 43) have at least one contact region (45a,
45b) without openings.

16. Heating device according to claim 1, wherein the heat-
ing elements (50, 51, 52, 53) and the contact regions (454,
45b) extend substantially over 1n each case the entire edge
(47a, 47b) of the gnid elements (40, 41, 42, 43).

17. Heat exchanger, comprising,

at least one heat or cold source (50a, 5056, 50c, 50d) for

generating heat energy,

and also at least one heat exchanger plate (40, 41, 42, 43),
the surface (46) of which 1s embodied for the exchange of heat
energy between the plate and a surrounding fluid medium,

wherein the heat exchanger plate (40,41, 42, 43) comprises

an expanded metal grid, with openings (44) through
which the medium flows,

the at least one heat exchanger plate (40, 41, 42, 43) being

arranged 1n such a way that the flow of medium 1s ori-

ented substantially perpendicularly to the surface of the
heat exchanger plate (40, 41, 42, 43).
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